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Background/Aims: Glutathione S-transferase P1 (GSTP1) 
scavenges radicals via its peroxidase activity. The 
purpose of this study was to determine the associa-
tion of GSTP1 genetic polymorphisms with the ex-
pression of H. pylori-associated gastroduodenal dise-
ase. Methods: This study involved 1,911 subjects, 
comprising patients with four diseases (gastric cancer, 
dysplasia, benign gastric ulcer, and duodenal ulcer 
disease) and controls. Biallelic polymorphisms were 
genotyped by restriction fragment length polymorphism 
techniques. Results: The frequency of the genetic 
polymorphism at nucleotide 313 of GSTP1 did not dif-
fer among the five study groups. However, when the 
gastric cancer group was subdivided into advanced 
gastric cancer (AGC) and early gastric cancer, the 
frequency of the G/G genotype was significantly high-
er in the AGC group than in all the control subgroups 
(OR: 1.2, 95% CI: 1.1-4.9). The frequency of this 
genotype differed significantly in the H. pylori-positive 
AGC group (OR: 2.7, 95% CI: 1.1-6.3) but not in the 
H. pylori-negative group. Furthermore, the difference 
was greater in the intestinal type, and was not found 
in diffuse types of disease. Conclusions: This study 
found that genetic polymorphisms of GSTP1 were as-
sociated with H. pylori-associated gastric cancer only 
during the advanced stage of gastric cancer, with in-
testinal-type histology evident in H. pylori-positive sub-
jects. (Gut and Liver 2008;2:23-29)
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INTRODUCTION

  Interindividual differences in the cellular mechanisms of 
activation and detoxification of carcinogenic chemicals 
might confer different degrees of susceptibility to cancer.1 

Several enzymes are involved in the detoxification of xe-
nobiotic compounds. Glutathione S-transferase enzymes 
are phase II detoxifying molecules that catalyze the con-
jugation of reactive chemical intermediates, including the 
active metabolites of carcinogens to soluble glutathione.2 

One member of the GST family, the GSTP1 enzyme, plays 
a central role in the inactivation of toxic and carcinogenic 
electrophiles.3 The GSTP1 gene is polymorphic in hu-
mans. Previous studies have shown that the A to G poly-
morphisms, at nucleotide 313 of the GSTP1 gene, cause 
an isoleucine (Ile) to valine (Val) change at residue 105 
that reduces the catalytic activity of GSTP1.4-7 In contrast, 
several studies have shown that Val variants were more 
efficient with different substrates than were homozygous 
Ile/Ile genotypes.8 Moreover, several studies evaluating 
GSTP1 and cancer susceptibility have shown conflicting 
results. The 105 Val variant of GSTP1 has been correlated 
with the development of several types of cancer including 
bladder,9 testicular,9 lung cancer,10,11 breast cancer,12 eso-
phageal,13 and oropharyngeal cancer,14 as well as a poor 
prognosis in patients with  colorectal cancer.15 By con-
trast, other studies have shown opposite results16 or no 
association between GSTP1 polymorphisms and cancer 
type.17-19 Several studies have assessed the relationship 
between GSTP1 and gastric cancer and have found no 
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association.10,20,21 

  One-half of the world's population is infected by H. 
pylori.22 This gram-negative bacterium, which produces su-
peroxide radicals, is responsible for gastritis, duodenal ul-
cer (DU) disease and the majority of benign gastric ulcers 
(BGUs). H. pylori infection is also linked to gastric cancer 
(GC) and MALT-lymphoma.23-26 However, less than 20% 
of infected individuals present with clinical disease.27 The 
reasons for the variable clinical effects of H. pylori are per-
haps determined by the interaction of the host, environ-
mental factors and bacterial virulence. The production of 
superoxide radicals by H. pylori in the gastric mucosa may 
be associated with genetic polymorphisms of GSTP1 and 
influence the expression of H. pylori-associated gastro-
duodenal diseases such as GC. There are two histologi-
cally distinct GC to consider, the diffuse-type and the in-
testinal-type.28 The host genetic susceptibility is known to 
be an important factor in the development of GC.29 How-
ever, environmental factors also play an important role in 
gastric cancer carcinogenesis, especially in the intestinal 
type of GC.30 Therefore, the expression of genetic poly-
morphisms may differ depending on the gastric cancer tis-
sue type. 
  The goal of this study was to determine whether GSTP1 
polymorphisms were associated with different gastro-
duodenal diseases. Patients who were H. pylori-infected 
with GC (intestinal or diffuse type), dysplasia, BGU, or 
DU were compared to age, gender and H. pylori infected 
matched case-controls.

MATERIALS AND METHODS 

1. Patients

  The study included 1,911 subjects from Seoul and the 
vicinity in Korea. The study included controls (n=803), 
non-cardiac GC (n=400; intestinal type, n=232, diffuse 
type, n=168), those with dysplasia (n=100), BGU (n= 
334) and DU (n=274). All subjects were ethnic Koreans.  
The control group was recruited from healthy subjects 
that had a standard gastroscopy as part of a screening 
program for premalignant gastric mucosa or gastric can-
cer. Subjects (≥16 years) were included in the control 
group if the gastroscopy showed a normal gastric mucosa 
or gastritis; no control had significant gastroduodenal dis-
ease, such as gastric cancer, dysplasia, MALToma, peptic 
ulcer, or reflux esophagitis. In addition, the controls had 
no history of peptic ulcer disease. GC, BGU and DU were 
diagnosed by gastroscopy. GC tissue types were con-
firmed histologically and the stage such as early gastric 
cancer (EGC) or advanced gastric cancer (AGC) was de-
termined by histological findings after surgery and/or a 

staging work up including computer tomography scanning 
and physical examination. The control group was matched 
with the gastric cancer group by age, gender and H. pylori 
positivity. All subjects provided informed consent, and 
the Ethical Committee of the Seoul National University 
Bundang Hospital approved the study. The results of the 
germline SNPs were not traceable to the patient's name 
to protect the genetic information of the individual sub-
jects enrolled in this study.

2. H. pylori tests

  Two biopsy specimens were taken from the greater cur-
vature of the mid antrum and mid body of the stomach, 
and three from the lesser curvature of the mid antrum 
and mid body. Among these ten specimens, two from the 
mid antrum and two from the body were fixed in formal-
in then assessed for the presence of H. pylori (by modified 
Giemsa staining). Single specimens taken from the lesser 
curvature of the mid antrum and mid body were used for 
rapid urease testing (CLOtest, Delta West, Bentley, Aust-
ralia), and two specimens from the mid antrum and mid 
body, were cultured. If any of these three tests produced 
a positive result, H. pylori infection was considered 
present. Anti-H. pylori immunoglobulin G quantification 
was performed using an enzyme-linked immunosorbent 
assay kit (Genedia H. pylori ELISA; Green Cross Medical 
Science Corp, Seoul, Korea) when the three above-men-
tioned H. pylori tests were all negative. Subjects were con-
sidered H. pylori-infected when the H. pylori IgG was 
positive. 

3. Genotyping of GSTP1 

  Genomic DNAs from antral gastric mucosa without le-
sions were obtained using the standard proteinase K di-
gestion and phenol/chloroform extraction technique. The 
nucleotide 313, of the GSTP1 A to G polymorphism, was 
measured by polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). The following 
amplification primers were used: forward 5'-ACCCCA-
GGGCTCTATGGGAA-3' and reverse 5'-TGAGGGCACA-
AGAAGCC CCT-3' in a Perkin Elmer model 9600 (Perkin 
Elmer Co., Norwalk, CT, USA). The conditions were ini-
tially 95oC for 10 min then 30 cycles at 94oC for 30 sec, 
55oC for 30 sec, 72oC for 30 sec, and 72oC for 5 min. 
The PCR products of GSTP1 (GenBank accession number: 
NM_000852) were then digested overnight with 5 units 
of the restriction enzyme Alw26I (New England Biolabs, 
Ipswich, MA, USA), which distinguishes between the Ile 
and the Val alleles.9,15 The digestion products were sepa-
rated in 3.5% agarose gels. This resulted in 176 bp 
(-GSTP1 A) or 85 and 91 bp (-GSTP1 G) products.
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Disease N Age (Mean±SD) Male (%) H. pylori positivity (%)

Control   803 57.8±10.9   499 (62.1)  681 (84.8)
GC  400 59.8±12.5  261 (62.3)  349 (87.2)
  Intestinal type  232 63.0±10.5  172 (74.1)*  204 (87.9)
  Diffuse type  168 55.4±13.7   89 (53.0)*  145 (86.3)
  EGC  190 60.0±11.7  134 (70.5)*  170 (89.5)
    Intestinal type  139 61.9±10.7 103 (74.1)  124 (89.2)
    Diffuse type   51 53.8±12.4  31 (60.8)   46 (90.2)
  AGC  210 59.8±13.2 127 (60.5)  179 (85.2)
    Intestinal type   93 64.5±10.1  69 (74.2)   80 (86.0)
    Diffuse type  117 56.1±14.2   8 (49.6)   99 (84.6)
Dysplasia  100 62.6±8.8   77 (77.0)*   91 (91.0)
BGU  334 57.1±15.0  246 (73.9)*  282 (84.4)
DU  274 48.3±13.4*  216 (78.8)*   251 (91.6)*
Total 1,911 55.3±7.9 1,299 (68.0) 1,654 (86.6)

*versus controls: p＜0.05. 
SD, standard deviation; GC, gastric cancer; BGU, benign gastric ulcer; DU, duodenal ulcer.

Table 1. Demographic Data of the Subjects

Genotype A/A A/G G/G G carrier

Control (801) 547 (68.3%) 235 (29.3%) 19 (2.4%) 254 (31.7%)
GC (397) 271 (68.3%) 110 (1.0; 0.8-1.3)* 16 (1.5; 0.8-3.3) 126 (1.1; 0.8-1.4)
  Intestinal type (206) 164 (71.0%) 57 (0.9; 0.6-1.3) 10 (1.4; 0.6-3.2)  67 (0.9; 0.7-1.3)
  Diffuse type (166) 107 (64.5%) 53 (1.2; 0.8-1.7)  6 (1.6; 0.6-4.2)  59 (1.2; 0.9-1.7)
  EGC (188) 137 (72.9%) 47 (0.9; 0.6-1.3)  4 (0.7; 0.2-2.2)  51 (0.9; 0.6-1.2)
    Intestinal type (138) 105 (76.1%) 30 (0.7; 0.5-1.2)  3 (0.7; 0.2-2.4)  33 (0.7; 0.5-1.1)
    Diffuse type (50)  32 (64.0%) 17 (1.3; 0.7-2.3)  1 (0.9; 0.1-6.8)  19 (1.2; 0.7-2.2)
  AGC (209) 134 (64.1%) 63 (1.2; 0.8-1.7)  12 (2.3; 1.1-4.9)†  75 (1.3; 0.9-1.8)
    Intestinal type (93)  59 (63.4%) 27 (1.2; 0.7-2.0)   7 (2.8; 1.1-4.9)‡  34 (1.4; 0.9-2.2)
    Diffuse type (116)  75 (64.7%) 36 (1.2; 0.8-1.8)  5 (1.9; 0.7-5.3)  41 (1.2; 0.8-1.8)
Dysplasia (100)  73 (73.0%) 24 (0.9; 0.5-1.4)  3 (1.0; 0.3-3.5)  27 (0.9; 0.5-1.8)
BGU (332) 222 (66.9%) 98 (1.1; 0.8-1.4) 12 (1.5; 0.5-1.0) 110 (1.1; 0.8-1.5)
DU (273) 176 (64.5%) 86 (1.1; 0.8-1.5) 11 (2.2; 0.9-4.8)  97 (1.2; 0.9-1.6)

*adjusted for gender and age in tertiles. The figures set in bold indicate those with statistical significance. 
†versus controls: p=0.0309. 
‡versus controls: p=0.0326. 
GC, gastric cancer; EGC, early gastric cancer; AGC, advanced gastric cancer; BGU, benign gastric ulcer; DU, duodenal ulcer.

Table 2. GSTP1 Genotype Frequencies in Each Group Irrespective of H. pylori Positivity

4. Statistical analyses

  The data were analyzed using the χ2-test and logistic 
regression with the SAS statistical package. The control 
and gastric cancer groups were matched for age, gender 
and H. pylori status with a 2：1 ratio. In addition, multi-
variate analysis was performed adjusting for gender and 
age in tertiles. The risk for the presence of each con-
dition, given the presence of GSTP1 alleles, was expressed 
as an odds ratio (OR) with a 95% confidence interval.31 A 
p value of ＜0.05 was considered statistically significant 
throughout.

RESULTS

1. Patient demographics 

  The mean ages and gender ratios of each group are 
shown in Table 1. The mean age for the patients with 
DU (48.3 years) was significantly lower than in the con-
trol group (57.8 years). There were significantly more 
men in the intestinal type GC, EGC, dysplasia, BGU, and 
DU groups than in the control group. The H. pylori-pos-
itive rates of the control, GC, dysplasia, BGU, and DU 
groups were 84.8% (681 of 803), 87.2% (349 of 400), 
91.0% (91 of 100), 84.4% (282 of 334), and 91.6% (251 
of 274), respectively, and a statistical difference was ob-
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Genotype A/A A/G G/G G carrier

Control (679) 464 (68.3%) 201 (29.6%) 14 (2.1%) 215 (31.7%)
GC (347) 233 (67.2%) 100 (1.1; 0.8-1.5)* 14 (1.7; 0.8-3.8) 114 (1.1; 0.9-1.5)
  Intestinal type (203) 140 (69.0%) 54 (1.0; 0.7-1.4) 9 (1.7; 0.7-4.2)  63 (1.0; 0.7-1.5)
  Diffuse type (144)  93 (64.6%) 46 (1.2; 0.8-1.7) 5 (1.9; 0.7-5.4)  51 (1.2; 0.8-1.8)
  EGC (169) 123 (72.8%) 42 (0.9; 0.6-1.3) 4 (0.9; 0.3-2.9)  46 (0.9; 0.6-1.3)
    Intestinal type (123)  93 (75.6%) 27 (0.7; 0.5-1.2) 3 (0.9; 0.2-3.2)  30 (0.8 0.5-1.2)
    Diffuse type (46)  30 (65.2%) 15 (1.2; 0.6-2.2) 1 (1.1; 0.1-8.6)  16 (1.2; 0.6-2.2)
  AGC (178) 110 (61.8%) 58 (1.3; 0.9-1.9) 10 (2.7; 1.1-6.3)†     68 (1.4; 1.02-2.0)‡

    Intestinal type (80)  47 (58.7%) 27 (1.6; 0.9-2.6) 6 (3.5; 1.2-10)§    33 (1.7; 1.1-2.9)║
    Diffuse type (98)  63 (64.3%) 31 (1.2; 0.7-1.9) 4 (2.2; 0.7-7.1)  35 (1.3; 0.8-2.0)
Dysplasia (91)  68 (74.7%) 22 (0.9; 0.5-1.5) 1 (0.4; 0.1-3.1)  23 (0.8; 0.5-1.4)
BGU (282) 189 (67.0%) 82 (1.0; 0.7-1.4) 11 (1.8; 0.8-4.0)  93 (1.1; 0.8-1.5)
DU (250) 160 (64.0%) 80 (1.1; 0.8-1.6) 10 (2.4; 0.9-5.6)  90 (1.2; 0.9-1.7)

*adjusted for gender and age in tertiles. The figures set in bold indicate those with statistical significance. 
†versus controls: p=0.0260. 
‡versus controls: p=0.0389. 
§versus controls: p=0.0193. 
║versus controls: p=0.0299. 
GC, gastric cancer; EGC, early gastric cancer; AGC, advanced gastric cancer; BGU, benign gastric ulcer; DU, duodenal ulcer.

Table 3. GSTP1 Genotype Frequencies in Each of the H. pylori-positive Groups 

Genotype A/A A/G G/G G carrier

Control (122) 83 (68.0%) 34 (27.9%) 5 (4.1%) 39 (32.0%)
GC (50) 38 (76.0%)  10 (0.7; 0.3-1.5)* 2 (1.1; 0.2-6.3)   12 (0.7; 0.3-1.6)
  Intestinal type (28) 24 (85.7%)  3 (0.4; 0.1-1.3) 1 (0.8; 0.1-7.4)    4 (0.4; 0.1-1.3)
  Diffuse type (22) 14 (63.6%)  7 (1.2; 0.4-3.2) 1 (1.4; 0.1-13.0)    8 (1.2; 0.5-3.1)
  EGC (19) 14 (73.7%)  5 (0.9; 0.3-3.0) 0    5 (0.8; 0.3-2.7)
    Intestinal type (15) 12 (80.0%)  3 (0.7; 0.2-2.9) 0    3 (0.6; 0.2-2.2)
    Diffuse type (4)  2 (50.0%)  2 (3.2; 0.4-28) 0    2 (2.6; 0.3-21)
  AGC (31) 24 (77.4%)  5 (0.5; 0.2-1.5) 2 (1.6; 0.3-9.5)    7 (0.6; 0.3-1.6)
    Intestinal type (13) 12 (92.3%) 0 1 (1.5; 0.1-15.3)  1 (0.2; 0-1.7)
    Diffuse type (18) 12 (66.7%)  5 (1.0; 0.3-3.0) 1 (1.5; 0.2-14.6)    6 (1.0; 0.4-3.0)
Dysplasia (9)  5 (55.6%)  2 (1.0; 0.2-5.7) 2 (8.9; 0.9-70.7)    4 (1.8; 0.4-7.7)
BGU (50) 33 (66.0%) 16 (1.1; 0.5-2.4) 1 (0.4; 0.1-3.7)   17 (1.0; 0.5-2.1)
DU (23) 16 (69.6%)  6 (0.8; 0.3-2.6) 1 (3.0; 0.2-39.5)    7 (0.9; 0.3-2.8)

*adjusted for gender and age in tertiles.
GC, gastric cancer; EGC, early gastric cancer; AGC, advanced gastric cancer; BGU, benign gastric ulcer; DU, duodenal ulcer.

Table 4. GSTP1 Genotype Frequencies in Each of the H. pylori-negative Groups

served in the DU group compared to the controls. 

2. Genetic polymorphism of GSTP1

  Genotyping of GSTP1 in the control group, regardless of 
H. pylori infection, revealed that 68.3% were A/A, 29.3% 
A/G and 2.4% G/G (Table 2). The frequency of the 
GSTP1 polymorphism at nucleotide 313 was not different 
in comparisons among the four disease groups including 
the GC group compared to the control group, regardless 
of H. pylori positivity. However, when the GC group was 
subdivided into AGC and EGC groups the frequency of 
the G/G allele was significantly higher in the AGC group 

than in the control group (OR: 1.2, 95% CI: 1.1-4.9, 
p=0.0309) (Table 2). Furthermore, when the AGC was 
subdivided into the intestinal and diffuse types the differ-
ence was more significant in the intestinal type (OR: 2.8, 
95% CI: 1.1-7.3, p=0.0326) but disappeared in the dif-
fuse type (Table 2). When the analysis was performed by 
H. pylori positivity, the statistical difference was greater in 
the H. pylori-positive AGC group (OR: 2.7, 95% CI: 
1.1-6.3, p=0.0260) (Table 3) but it disappeared in the H. 
pylori-negative group (Table 4). The significant findings 
were associated with the frequency of the G carrier geno-
type in H. pylori-positive cases of the AGC group com-
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pared to the controls (OR 1.4, 95% CI; 1.0-2.0, p= 
0.0389). These findings differed from the results of the 
analyses of the total population (Table 3). However, sim-
ilar to the results of the total population analyses, a stat-
istical difference was found in the intestinal type (OR: 
3.5, 95% CI: 1.2-10, p=0.0193) but disappeared in the 
diffuse type of GC in the H. pylori-positive group of pa-
tients (Table 3).

DISCUSSION

  Many investigators use genetic polymorphism studies to 
estimate the genetic contribution to the development of 
cancer. Possible cancer susceptibility genes have been 
sought among oncogenes, tumor suppressor genes, DNA 
repair genes, and genes encoding phase I and phase II 
enzymes.29 Large individual differences in the biotransfor-
mation of xenobiotics have been explained based on ge-
netic polymorphisms of some detoxifying enzymes. 
Among these enzymes, GST is a large multigene family of 
phase II enzymes involved in the detoxification of poten-
tially genotoxic chemicals.2 Five genetic polymorphisms of 
GST have been well documented. Total or partial dele-
tions and (or) single nucleotide polymorphisms in the al-
leles encoding GSTM1, GSTM3, GSTPI, GSTT1, and 
GSTZ1 are associated with reduction of enzymatic activity 
of several substrates of different GST isoenzymes.32 

  GSTP1, a member of the glutathione S-transferase fam-
ily, plays a central role in the inactivation of toxic and 
carcinogenic electrophiles.3 In addition, molecular epi-
demiology studies indicate that polymorphisms of GSTP1 
appear to be associated with enzyme activity and to be 
linked to several types of cancer,9-15 although several 
studies have not confirmed these findings17-19 or have re-
ported conflicting results.16 These differences are likely 
explained by variations in the studies with regard to the 
number of patients enrolled, the technical methods used 
to determine the genotypes and racial differences in the 
distribution of GSTP1 genotypes. The prevalence of differ-
ent GSTP1 genotypes varies between different populations 
and ethnic groups. For example, in Western studies, 7- 
11% of the study populations have been reported to have 
the GSTP1 G/G genotypes.13,21 However, in Asia these 
genotypes have been reported to be present in 1.9-3%,20,33 
similar to the 2.4% found in the control group of the 
present study. 
  To date, several studies have assessed the relationship 
between GSTP1 and GC, and have found no associa-
tion.10,20,21 Recent studies also have shown no association 
between GSTP1 and precancerous lesions such as dyspla-
sia or intestinal metaplasia in a Chinese population.34 In 

the present study, GC as a whole was not associated with 
GSTP1 genetic polymorphisms. However, when GC was 
subclassified by histological type and stage of cancer the 
presence of the GSTP1 G/G allele was found to be asso-
ciated with the intestinal type of AGC. The significance of 
the G/G genotype of GSTP1 in the intestinal type but not 
in the diffuse type of GC might be explained by the influ-
ence of environmental factors in the development of GC, 
especially with the intestinal type. The reason why the 
GSTP1 G/G allele is associated with the intestinal type of 
AGC but not the EGC is not clear. However, toxic radi-
cals may nonspecifically exert an influence on cancer pro-
gression, as the mechanisms of detoxification are lost 
during the progression of disease to gastric cancer with 
more rapid proliferation. This concept is supported by 
several previous reports that demonstrated that patients 
with AGC, who had the GSTP1 G/G genotype, were more 
sensitive to 5-FU/cisplatin based chemotherapy.31,35 How-
ever, further study is necessary to confirm this possibility. 
  Previous studies have shown that H. pylori infection 
leads to an increased production of reactive oxygen spe-
cies within the gastric mucosa, which is thought to play a 
major role in the development of GC.36 The risk of lung 
cancer is increased in association with GST polymor-
phisms as well as other risk factors such as cigarette 
smoking.37 Similar to smoking, H. pylori might act to de-
crease the rate of detoxification causing higher levels of 
carcinogen-DNA adducts and more cytogenetic damage. 
However, most published studies have not reported on 
the H. pylori infection status of their subjects. Only an 
Italian report demonstrated that GSTP1 G/G genotypes 
were associated with a reduced risk of the diffuse type of 
GC in H. pylori negative subjects.38 In the present study, 
stratification of H. pylori infection was performed, and the 
GSTP1 G/G genotype was found to be significantly higher 
in the H. pylori-positive AGC group, particularly with the 
intestinal type; however, not in the H. pylori negative 
AGC group. These findings suggest that a patient with 
the G/G genotype of GSTP1 might be more susceptible to 
the development of the intestinal type of AGC in the 
presence of H. pylori infection. Our findings also suggest 
that histological or stage stratifications of GC are neces-
sary for meaningful genetic analysis; even if the gastric 
cancer patients, as a group, do not show any significant 
difference in genetic polymorphisms. 
  The advantages of the present study are that: (a) a 
large population was enrolled with four distinct gastro-
duodenal diseases including dysplasia, GC, BGU, and DU. 
In addition, the study included age, gender and H. pylori 
status matched controls with gastric cancer, and (b) GC 
was subdivided by tissue type and cancer stage. 
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  The results of this study showed that genetic poly-
morphisms of GSTP1 were associated with different 
stages of H. pylori-associated gastric cancer; that is, GSTP1 
G/G correlated with the development of intestinal type 
AGC. This difference might reflect the different functions 
of the GSTP1 protein in the homeostasis of cells.  
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